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Abstract 
 
Ecosystem services research has led to policies favoring watershed land protection at the 
federal, state, local, and private levels, notably at drinking water treatment facilities. A few 
researchers have connected land use and water utilities by estimating surface water treatment 
costs through raw water sediment load. However, more comprehensive cost-benefit research of 
private watershed land ownership is absent. In my research, I develop a distributional cash flow 
model to estimate the magnitude and timing of costs and benefits to a Connecticut private water 
company, the local community, and to the economy as a whole using Connecticut Public 
Utilities Regulatory Authority data, interviews, regulatory landscape, tax regime, and non-market 
valuation benefits transfer.  
The base case model predicts positive NPV to all parties in Connecticut: $3,828,432,329 to the 
economy from 2010 through 2025, where $1,461,824,087 of that is from benefits to the 
company and $2,366,608,242 is from benefits to the community. Sensitivity analysis implies 
these findings may be robust to systematic changes (+/- 10% and +/-20%) to input parameters.   
The distribution of costs and benefits lends itself to political economy considerations and future 
policy reflections. 
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Introduction 
It is increasingly common place for private water companies (also called private water utilities) 
to hold and maintain watershed lands around surface water supplies. Private water companies 
possess these lands for myriad reasons including source water protection, raw water treatment 
benefits, land purchased in tandem with company mergers and acquisitions, and public relation 
advantages.  However, the direct financial returns from land holdings are usually minimal.  
There are few fees that return direct benefits from land.  A private water company may not pass 
all investment costs, such as the cost of acquiring and maintaining land in watersheds, on to 
consumers through drinking water use rates unless the company can convince the public utility 
commission that these types of investments are “used and useful” to the provision of potable 
water.  
Private water companies serve a dual function, the provision of potable water to their customers 
and profit generation for investors. Public utility commissions strive to ensure an equitable 
balance between the two drivers of private water utility actions by defining fair prices. More 
information about the true economic relationship of private water company watershed land 
ownership informs both public and private actors how to set fair prices. The distribution of 
benefits is of central importance because of the nature of the intermediary between the supplier 
of water and its consumer.  
Purpose of Study and Policy Questions: 
Previous studies have examined watershed land as a production input and the contributions of 
such lands to reductions in water treatment expenditures.  This study takes a more holistic 
approach and examines the economic contribution of watershed land ownership and 
maintenance to private water utilities, local communities, and to the economy as a whole. 
The current study seeks to answer three central policy questions: Is watershed land ownership 
by a private water utility financially beneficial to the company, the community and the economy?  
Considering the regulatory context and economic gains and losses, is it wise for Connecticut 
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private water utilities to invest in watershed lands? What considerations are important when 
making decisions on owning and managing watershed lands? 
 
Watershed Lands in Context 
Ecosystems provide benefits to people 
Society has begun to recognize the services natural systems provide to the economy.  Since 
MIT’s publication of “Man’s Impact on the Global Environment,” scientists and environmental 
managers have increased their focus on what were then called “environmental services,” and 
are now referred to as “ecosystem services.” 1   Ecosystem services reached global recognition 
in the United Nation’s 2005 “Millennium Ecosystem Assessment” that included five main 
findings: ecosystems drastically changed the world over in the last 50 years; the benefits 
humans receive through altering ecosystems come at the cost of reduced ecosystem services; 
humans have benefitted and lost due to ecosystem changes; the current levels of ecosystem 
services could significantly degrade over the next fifty years; and policies to limit the 
degradation of ecosystem services while demand for the services increases do not currently 
exist.2  In the United States, the Environmental Protection Agency’s (EPA) 2009 report “Valuing 
the Protection of Ecological Systems and Services” recognized the importance of ecosystem 
services in the US and described many economic and non-economic valuation methods for 
these services.3 The EPA chronicled the process of incorporating ecosystem service 
considerations in practice at the national, regional, and site-specific levels.4  Across states and 
agencies at the state and federal level, there is growing interest in how to leverage ecosystem 
services when appropriate, and how to appropriately capitalize investment in such services 
when possible. 
                                               
1 
Study of Critical Environmental Problems (SCEP). 1970. “Man’s Impact on the Global Environment.” MIT 
Press, Cambridge. 319pp.  In CH2M Hill, Ecosystem Services : The Value of Quantification, 2009, 
http://www.ch2m.com/corporate/markets/environmental/conferences/natural-resources.pdf.
 
2 
Millennium Ecosystem Assessment. 2005. “Ecosystems and Human Well-being: Synthesis.” Island 
Press, Washington, DC.  In Ibid. 
3 EPA Science Advisory Board, Valuing the Protection of Ecological Systems and Services, 2009, 
www.epa.gov/sab. 
4 Ibid.
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Watershed lands provide ecosystem services for water provision 
Elizabeth Herbert remarks, “the 1996 amendments to the [Safe Drinking Water Act] initiated a 
new emphasis on source water protection, away from total reliance on expensive water 
treatment solutions.” Her statement implies a move toward the potential increased role of, if not 
reliance on ecosystem services from land acquisition and management.5  The EPA Guidance 
Document for states highlights that source water protection may be the most cost-effective 
management tool to provide safe drinking water.  By stating that the, “EPA will work with states 
to do the assessments not only efficiently but also in such a way that the information in the 
assessments accurately . . . permit management actions to reduce contamination from the 
sources identified as significant threats to drinking water,” the agency suggests the importance 
of investigating ecosystem services by the contribution of federal-level focus on the issue.6  
Watershed Lands Provide for Sediment and Contaminant Removal 
The New York Catskills provide perhaps the most relevant example of state-level incorporation 
of ecosystem service management for water quality gains.  Graciela Chichilnisky and Geoffrey 
Heal explain New York’s investments in watershed services concisely when they write:  
Until recently, water purification processes by root systems and soil 
microorganisms, together with filtration and sedimentation during its flow through 
the soil, were sufficient to cleanse the water to the standards required by the US 
Environmental Protection Agency (EPA). But sewage, fertilizer and pesticides in 
the soil reduced the efficacy of this process to the point where New York’s water 
no longer met EPA standards. The city was faced with the choice of restoring the 
integrity of the Catskill ecosystems or of building a filtration plant at a capital cost 
of $6 billion–$8 billion, plus running costs of the order of $300 million annually.7 
However, not all states have the ability to set aside such valuable watershed lands or have 
lands that provide such high amounts of ecosystem services.  
                                               
5
Elizabeth Herbert, “Forest Management by West Coast Water Utilities : Protecting the Source ?,” 
American Water Resources Association 99, no. 2 (2007): 91–106. 
6
EPA, State Source Water Assessment and Protection Programs Final Guidance: EPA Response to 
Major Issues, 1997, http://www.epa.gov/safewater/sourcewater.cfm?action=Publications.  
7
Graciela Chichilnisky and Geoffrey Heal, “Economic Returns from the Biosphere,” Nature 391 (1998): 
629–630 at 629.
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Water utilities have a lot to gain when land can reduce the levels of contaminants in raw source 
water. Public water systems must remove National Primary Drinking Water listed contaminants 
and are recommended to meet National Secondary Drinking Water Standards. The primary 
standards list the acceptable concentration level of particular microorganism, disinfection 
byproducts, disinfectants, inorganic chemicals organic chemicals, and radionuclide appropriate 
for human consumption.  Secondary standards include items such as color, fluoride, foaming 
agents, aluminum and total dissolved solids.8 (See Appendix for current standards.) If 
watershed land can aid in the removal of contaminants and the regulatory environment allows 
companies to benefit from this contaminant reduction through a reduce reliance on chemical 
and physical treatments, private water companies may be able to reduce their production costs. 
Land and the Treatment-Cost Relationship 
Previous studies have defined the current relationship between watershed land holdings and 
drinking water facilities though the reduction in treatment costs. Water treatment plants invest in 
filtration, sedimentation basins, and chemical treatments to remove sediment from raw water9.  
When water contaminant removal occurs in watershed lands before raw water reaches the 
plant, the water utility may use less production inputs to create a drinkable product, thereby 
reducing costs directly at the treatment facility. Sediment may also degrade water storage and 
conveyance systems.10 While land managed to filter water and trap sediment may reduce costs 
for the storage and distribution of treated water, for simplicity, this benefit calculation is not 
included in the scope of this project (storage and distribution may or may not be under the 
purview of the water utility).  
  
In 1988, Holmes calculated the national level of expenditures where society will see the largest 
gains in reduced costs of soil erosion damages from agricultural runoff. His cost function stems 
from water quality being a function of sediment load and treatments cost as a function of water 
quality. Using two models, the first derived from standard firm data and a hedonic model for the 
second, he estimates sediment removal cost between $57.08/ million gallons (MG) - 
$171.23/MG and $4.40/MG - $82.34/MG. Holmes estimates a cost interval of $10.84 to $27.95 
                                               
8
 EPA, “Drinking Water Contaminants,” accessed March 08, 2014, 
http://water.epa.gov/drink/contaminants/index.cfm#List. 
9
 Thomas P. Holmes, “The Offsite Impact of Soil Erosion on the Water Treatment Industry,” Land 
Economics 64, no. 4 (1988): 356–366, http://www.jstor.org/stable/3146308 . 
10
 Ibid.
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per thousand tons of sediment discharged (1988 Dollars).11 Holmes’ figures provide a general 
sense of the potential cost reduction magnitude that could arise from managing watershed land 
to reduce sedimentation loading.  
 
Water treatment costs are directly affected by raw surface water quality.  In Texas, Dearmont 
and McCarl estimate the cost of municipal water treatment as a function of raw water sediment 
level. Examining 12 municipal water treatment facilities over three years, the authors use 
chemical costs to estimate treatment costs. They find a direct connection between sediment 
levels in raw surface waters and chemical costs.  At the means, a 1% reduction in turbidity 
reduces water treatment costs by .27%. Dearmont and McCarl estimate chemical costs for 
water treatment at $75.15/MG.12 Here, Dearmont and McCarl make the direct connection to 
water company costs and benefits born from sediment load.  Land ownership provides private 
water companies to manage land for reductions in turbidity and therefor costs reductions. 
 
In 2004, Barten and Ernst surveyed twenty-nine water providers and found raw water treatment 
costs are inversely related to the proportion of forested watershed land.13    Sandra Postel and 
Barton Thompson, Jr. point to two examples illuminating potential efficiencies achieved by using 
land for water filtration: Seattle and Boston.14  In their paper, the researchers state that these 
cities avoided the need to construct new filtration plants due to the conservation of watershed 
services.15 Boston saved an estimated $180 million (gross), and Seattle saved between $150 
and $200 million.16   
 
In 2004, the American Water Works Association published in their journal, “treatment alone, 
although critical to preventing disease, should not be the sole protection of our drinking water. 
Multiple barriers to disease agents need to be maintained if we are to provide the greatest 
protection to public health.  A multiple-barrier approach to drinking water protection involves 
several consecutive and interrelated steps, including selection of high-quality source water(s), 
                                               
11
 Ibid. 
12 
David Dearmont, Bruce McCarl, and Deborah Tolman, “Cost of Water Treatment due to Diminished 
Water Quality : A Case Study in Texas,” Water Resources Research 34, no. 4 (1998): 849–853. 
13
Paul K Barten and Caryn Earnst, “Land Conservation and Watershed Management for Source 
Protection,” American Water Works Association 96, no. 4 (2004): 121–135. at 121.  
14
Sandra L. Postel and Barton H. Thompson, “Watershed Protection: Capturing the Benefits of Nature’s 
Water Supply Services,” Natural Resources Forum 29, no. 2 (May 2005): 98–108, doi:10.1111/j.1477-
8947.2005.00119.x. at 99  
15
 Ibid. 
16 
Ibid. at 100 
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source water management and protection, appropriate treatment, distribution system 
management, and water quality monitoring.”17 This article continued to summarize AWWA’s co-
authored study with Trust for Public Land citing a survey of 27 water suppliers in 2002 found for 
every ten-percent increase in source area forest cover (up to 60% forest cover), water treatment 
costs dropped about 20% (See Ernst 2004 Table 1 below. Dollar values are in 2004 dollars) 
 
Modification of Ernst et al Table 1: Water Treatment and chemical costs based on 
percent of forested watershed.
18
 
% Watershed 
Forested 
Treatment and 
Chemical Costs 
per MG (Original 
2004 values) 
Treatment and 
Chemical Costs 
per MG (inflation 
adjusted to 2013 
dollars) 
% Change in 
Costs 
10% $115 $141.82 19% 
20% $93 $114.69 20% 
30% $73 $90.03 21% 
40% $58 $71.53 21% 
50% $46 $56.73 21% 
60% $37 $45.63 19% 
 
 
The original above data were used in an analysis by Freeman et al. where they used 
environmental factors into the production function of treated water (marketed commodity).19 
Using a linear model and data from 60 drinking water treatment plants, the authors analyzed 
water treatment costs, water quality and percent land cover. They found increased forested land 
cover decreased turbidity levels in raw water and increased TOC was related to decreased 
forest cover. Also, poorer initial water quality led to higher treatment costs.  However, the 
variability in their plant data, the chemicals used and prices paid (influenced by bulk pricing, 
economies of scale, and regional pricing) led the authors to not reporting predictive measures of 
water treatment cost influenced by initial water quality and its relationship with land cover. 
                                               
17
 Caryn Ernst, Richard Gullick, and Kirk Nixon, “Protecting the Source Conserving Forests to Protect 
Water,” Opflow 30, no. 5 (2004). 
18
 Ibid.Calculations made through US Department of Labor Bureau of Labor Statistics, “CPI Inflation 
Calculator,” Databases, Tables & Calculators by Subject, 2014, 
http://www.bls.gov/data/inflation_calculator.htm. 
19
 Jade Freeman, Rebecca Madsen, and Kelley Hart, Statistical Analysis of Drinking Water Treatment 
Plant Costs, Source Water Quality, and Land Cover Characteristics, 2008, 
http://wren.palwv.org/library/documents/landnwater_9_2008_whitepaper.pdf. 
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Cost of Sediment 
Based on findings in the literature, natural watersheds should reduce sedimentation, and thus, 
reduce costs to water providers.  Natural lands capture sediment before it enters raw water 
sources.  Further, with ownership, private water companies can ensure the management of 
lands for sediment removal. 
 Sediment removal is costly to water treatment facilities. In 1987, Moore and McCarl calculate 
cost of sediment removal at $75.84/day or $20.00/MG using predictive costs functions in 
Corvallis, Oregon.20 Their equations predicted slightly lower costs than actually seen by a 
municipal water treatment plant in the Willamette Valley that utilizes primarily surface waters.  
Another water treatment cost function developed by Forster et al. from 12 plants in Ohio 
estimate removal of sediment at $92.28/MG. Their model included soil erosion, plant size, raw 
water storage time, and turbidity improvement. They estimate that a 25% reduction in soil 
erosion would lead to a $2.7 million savings for Ohio Communities.21 
Travis Greenwalt and Deborah McGrath note that forest management including prescribed 
burning and thinning would have reduced the forest fire risk near Denver, Colorado.  The 
Buffalo Creek and Hayman fires burned forested lands in the city’s watershed that resulted in 
massive soil erosion.  The authors state, “Denver Water was forced to undertake a program 
projected to cost $31 million to remove sediment from mountain reservoirs and unclog pipes. 
The Colorado utility estimates that it has already spent more money clearing sediment that 
flowed into reservoirs after fires than would have been required to treat the areas before the 
fires.”22   
Management for Ecosystem Services Leads to Higher Service Provision 
Land management can change the ecosystem service benefits and their magnitude for drinking 
water provision.  Land use adjacent to surface source water influences the contaminants and 
their concentration entering the water. Sedimentation from soil erosion contributes the highest 
contaminant levels to surface waters and raise water treatment costs.  Sediments may also 
                                               
20
 Walter B Moore and Bruce A Mccarl, “Off-Site Costs of Soil Erosion : A Case Study in the Willamette 
Valley” 12, no. 1 (1987): 42–49 at 45. 
21
D Lynn Forster, Chris I Bardos, and Douglas D Southgate, “Soil Erosion and Water Treatment Costs,” 
Journal of Soil and Water Conservation 42, no. 5 (1987): 349–352.  
22
 Greenwalt, Travis, and Deborah McGrath. "Protecting the city's water: designing a payment for 
ecosystem services program." Natural Resources & Environment, 24.1 (Summer 2009): 
p9. LegalTrac.http://go.galegroup.com.proxy.lib.duke.edu/ps/i.do?id=GALE%7CA206461962&v=2.1&u=d
uke_law&it=r&p=LT&sw=w (accessed April 28, 2013) 
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transport other contaminants such as organic and inorganic matter, pesticides and pathogens.23   
In 1981, Gianessi and Peskin estimate sediment loading contributes about 88 percent of total 
nitrogen (N), 86 percent of total phosphorus (P),  98 percent of total suspended solids, and 52 
percent of 5-day bio-chemical oxygen demand in US waterways.24  However, Gianessi and 
Peskin found sediment from forested nonpoint sources contributed more pollutants (BOD, TS, 
TSS, TP, TN) than urban nonpoint sources.25 They used simulations of sediment production 
using the Future National Water Network model to calculate national averages of land-use 
pollutant contributions.26  They found the “national gross soil erosion estimates total 1.706 billion 
metric tons for croplands, 0.284 billion metric tons for pastureland, 1.260 billion metric tons for 
rangeland, and 0.387 billion metric tons for woodland.” Yet, as Holmes writes, well managed 
forests that do not disturb land surface during harvest are, “exceptionally free of erosion and 
sediment pollution.”27 When Gianessi and Peskin examined the effectiveness of sediment 
management controls, water quality gains were apparent across all metrics (BOD, TS, TSS, TP, 
TKN).28 
 
In the West, it is common for water utilities to purchase and manage forests for 
watershed services and timber harvest revenues.  Of forty-five water utilities surveyed in 
                                               
23
 Beatrice H Holmes, Institutional Bases for Control of Nonpoint Source Pollution Under the Clean Water 
Act -- With Emphasis on Agricultural Nonpoint Sources, 1979 at 7. 
24 Gianessi and Peskin, 1981 in Holmes, “The Offsite Impact of Soil Erosion on the Water Treatment 
Industry.” 
25
 Nationally, woodlands contribute 1,742 million pounds per year to 5-day Biochemical Oxygen Demand, 
214,141 million pounds per year total suspended solids, 121,961 million pounds per year total dissolved 
solids, 259 million pounds per year Total Phosphorus, and 1,068 million pounds per year Total Nitrogen.  
Whereas urban nonpoint sources contribute: 680 million pounds per year to 5-day Biochemical Oxygen 
Demand, 11,600 million pounds per year total suspended solids, 7,600 million pounds per year total 
dissolved solids, 3 million pounds per year total Phosphorus, and 8 million pounds per year total nitrogen. 
In Costanza et al., “The Value of the World’s Ecosystem Services and Natural Capital.” at 804. 
26 
Leonard P. Gianessi and Henry M. Peskin, “Analysis of National Water Pollution Control Policies: 2. 
Agricultural Sediment Control,” Water Resources Research 17, no. 4 (August 09, 1981): 803–821, 
doi:10.1029/WR017i004p00803. at 807. 
27
 Holmes, Institutional Bases for Control of Nonpoint Source Pollution Under the Clean Water Act -- With 
Emphasis on Agricultural Nonpoint Sources at 8. 
28Gianessi and Peskin measure the reduction in water quality standards violations by state. After 
cropland sediment control policies were implemented, they found 17% reductions in Total Phosphorus 
(TP) violations and a 19% reduction in Total Kjekdahl Nitrogen (TKN) violations occur. Cropland sediment 
control policies reduce Biological Oxygen Demand (BOD) violations by 25% and Dissolved Oxygen (DO) 
violations by 35%. Connecticut saw reductions in N, P and BOD. However, cropland sediment control 
policies do not reduce the total number of dissolved oxygen violations in Connecticut. For the 12 sites 
measured in Connecticut, cropland sediment control measures reduce violations by 37.8%, when coupled 
withBest Practicable Control Techonolgy Currently Available BPCT/ST, SWDA violations are reduced by 
46%.28 Nationally, sediment controls and BPCT/ ST reduced water quality standard violations 31% for 
BOD, 24% for TKN, 25% for TP, and 44% for DO. In  Ibid at 806-820. 
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2001 California, Oregon and Washington, nine own over 75% of their watershed.29  
Elizabeth Herbert found water utilities managing land for increased revenue generation 
from timber sales degrade ecosystem services that generate and maintain clean raw 
water sources. Land purchased for clean water provision may limit the uses of that land 
and may necessitate specific management for maximum ecosystem service provision.  
Policy makers predict drinking water utilities will play an increasing role in the planning 
and management toward broader ecological goals.30  Such planning is evident with the 
incorporation of ecological flows in the management of public waters in both the East 
and the West.31  Water utilities are integrating knowledge about the needs of ecological 
flows to maintain the health of a source water ecosystem.  The reverse relationship 
between watershed and utility is also true.  Water utilities’ financial health benefits from a 
focus on ecosystem health.  If Barten and Ernst’s trend holds true (referenced above), 
increased forested landholdings by water utilities will decrease treatment costs for such 
utilities (depending on how the land is used).32  If water utilities are expected to play an 
increased role in ecological goals, it is not a far stretch to believe ecological 
circumstances may play an increased role in utilities management. 
Limitations Current Watershed Land Costs and Benefit Literature 
Current research lacks a holistic approach to watershed land maintenance and ownership.  
While it is clear that water treatment costs fall due to ecosystem services, the total costs are not 
incorporated into these calculations. Further, little is known about the economic costs and 
benefit distributions of watershed land ownership. 
Policy’s Inclusion of Ecosystem Service Benefits  
President Clinton reaffirmed the focus on cost-benefit analysis with Executive Order 12866’s 
explicit requirement to consider costs, benefits, and economic impacts of regulation prior to its 
                                               
29 
Herbert, “Forest Management by West Coast Water Utilities : Protecting the Source ?” at 97. 
30
 Sandra L. Postel, “Aquatic Ecosystem Protection and Drinking Water Utilities,” American Water Works 
Association 99, no. 2 (2007): 52–63. 
31 
Katherine a. Roach, “Texas Water Wars: How Politics and Scientific Uncertainty Influence 
Environmental Flow Decision-Making in the Lone Star State,” Biodiversity and Conservation 22, no. 3 
(January 31, 2013): 545–565, doi:10.1007/s10531-013-0443-2. 
32 
Paul K Barten and Caryn Earnst, “Land Conservation and Watershed Management for Source 
Protection,” American Water Works Association 96, no. 4 (2004): 121–135 at 121. 
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implementation.33 A boom in ecosystem service and nonmarket valuation started through the 
push to include all costs and benefits in economic evaluation.   Ecosystem services help identify 
what to value in such analyses by highlighting the services from natural systems.     
Beyond the economic inclusion of ecosystem services, federal and state policymakers 
increasingly deem ecosystem service management a useful tool for achieving their desired 
outcomes.  The EPA states, “although most water requires some treatment before use, 
protecting this source water is an important part of providing safe drinking water to the public.”34  
Sometimes this protection takes the shape of cross-agency, large-scale ecosystem service 
management, while other forms of watershed service management are already being 
implemented at the drinking water utility-level. 
At the federal level, the U.S. Department of Agriculture (USDA) Forest Service recognizes the 
strong link between managing for ecosystem services and the procurement of clean drinking 
water through their “Forests to Faucets” program.35  The program aims to identify lands 
important to surface drinking water quality and incorporate this information into regional 
planning at a broad scale or into payment for watershed services (PWS) at local scales.  The 
USDA attributes such payments to forest management financing in their paper, but that funding 
could also be viewed as payment for the services provided by the ecosystem – here, higher 
water quality.36 
Private water companies 
Private water companies come in many forms.  They may serve a small community or have 
multiple facilities across one state or a region.  At one location, their design could span from 
contract operations to designing and building operations to full service water utility that sells 
water to customers. 
In this study, I use the term “private water company” or “private utility” to mean the most 
extreme example of privatization, where the private entity assumes all responsibility of facility 
ownership, operation, maintenance, and funding.  This entity also sets its own rates through 
                                               
33
 John A. List et al., “Examining the Role of Social Isolation on Stated Preferences,” American Economic 
Review 94, no. 3 (2004): 741–752, doi:10.1257/0002828041464614. At 742. 
34 
EPA, “Source Water Protection,” accessed March 08, 2014, 
http://water.epa.gov/infrastructure/drinkingwater/sourcewater/protection/index.cfm.Ibid. 
35
 US Dept. of Agriculture. Forest Service, “Forests to Faucets,” accessed May 28, 2013, 
http://www.fs.fed.us/ecosystemservices/FS_Efforts/forests2faucets.shtml . 
36 
Ibid. 
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interactions with the public utility commission.37 Each facility produces drinking water for a 
community at a treatment plant designed for that area.38  These facilities may be bundled into 
divisions during the rate setting process.  When I speak of the integrated company, I mean the 
company at large across the whole state or region or the sum of each individual facility or all 
divisions.  
Regulatory landscape of Connecticut 
The regulatory authority of Connecticut drinking water is divided between three entities.  
Department of Energy and Environmental Protection (DEEP) administers water resource and 
quality laws. Department of Public Health (DPH) manages drinking water standards. 39  The 
Public Utilities Regulatory Authority (PURA) “regulat[s] the rates and services of Connecticut's 
investor owned electricity, natural gas, water and telecommunication companies.”40 Connecticut 
has nineteen investor-owned water utilities.41 
The State of Connecticut has a Water Planning Council (WPC) whose mission it is to “bridge the 
gap between the water supply planning process and water resources management in order that 
water can be appropriately allocated to balance competing needs while protecting the health, 
safety and welfare of the people of Connecticut and minimizing adverse economic and 
environmental effects.” The Water Planning Council is composed of members from the DEEP, 
DPH, OPM, and PURA.42 Signifying Connecticut’s commitment to ecosystem services, the WPC 
has a Watershed Lands Work group charged with reviewing current regulatory environment for 
source water protection.43   
                                               
37
 George Raftelis and Harold Smith, Chapter 7 Overview of Delivery Methods in Water and Wastewater 
Finance and Pricing: A Comprehensive Guide, Third, 2005. 
38
 The design of treatment facilities is specific to the needs of the local community and quality of raw 
water. Raw water quality, thus treatment, is location-specific.  Each facility will perform the necessary 
operations to raise raw water to drinking water standards.  Facility-level data is highly non-generalizable, 
thus not examined here. 
39
 Office of Policy and Management, “Managing Water in Connecticut: A Report on the Study of Water 
Resources Planning in the State,” 2008, 
http://www.ct.gov/opm/lib/opm/igp/pubreps/water_resources_report-1-09.pdf. 
40 The Conn
ecticut Department of Energy and Environmental Protection Public Utilities Regulatory Authority, 
“About Us,” accessed November 14, 2013, 
http://www.ct.gov/pura/cwp/view.asp?a=3157&q=404410&puraNav_GID=1702.
 
41 
Ibid.
 
42
 The Connecticut Department of Energy and Environmental Protection, “Water Planning Council,” 
Mission Statement, 2013, 
http://www.ct.gov/deep/cwp/view.asp?a=2720&q=325644&deepNav_GID=1654. 
43
 There are many other examples of Connecticut’s commitment to protecting its public lands such as PA 
490 Open Space Tax Credit and the inclusion of “Protect and Ensure the Integrity of Environmental 
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Watershed Land Classification 
The regulatory landscape of watershed land transfer highly influences the gains and losses 
available to private water companies. The procurement and sale of watershed land is 
dependent on the classification of parcels of watershed land. State regulation is designed to 
keep watershed lands in their natural state but effectively limit private water company agency 
over their own investments.  
Water Company land is sorted into Class I, Class II or Class III lands based on its 
characteristics as watershed land.  The designations as follows:  
(a) Class I land includes all land owned by a water company or acquired from a water 
company through foreclosure or other involuntary transfer of ownership or control 
which is either: (1) Within two hundred and fifty feet of high water of a reservoir or 
one hundred feet of all watercourses as defined in agency regulations adopted 
pursuant to this section; (2) within the areas along watercourses which are covered 
by any of the critical components of a stream belt; (3) land with slopes fifteen per cent 
or greater without significant interception by wetlands, swales and natural 
depressions between the slopes and the watercourses; (4) within two hundred feet of 
groundwater wells; (5) an identified direct recharge area or outcrop of aquifer now in 
use or available for future use, or (6) an area with shallow depth to bedrock, twenty 
inches or less, or poorly drained or very poorly drained soils as defined by the United 
States Soil Conservation Service that are contiguous to land described in subdivision 
(3) or (4) of this subsection and that extend to the top of the slope above the 
receiving watercourse. 
 
(b) Class II land includes all land owned by a water company or acquired from a water 
company through foreclosure or other involuntary transfer of ownership or control 
which is either (1) on a public drinking supply watershed which is not included in 
class I or (2) completely off a public drinking supply watershed and which is within 
one hundred and fifty feet of a distribution reservoir or a first-order stream tributary to 
a distribution reservoir. 
 
(c) Class III land includes all land owned by a water company or acquired from a water 
company through foreclosure or other involuntary transfer of ownership or control 
which is unimproved land off public drinking supply watersheds and beyond one 
hundred and fifty feet from a distribution reservoir or first-order stream tributary to a 
distribution reservoir. 
 
 
Watershed land transfer is complex and limited. Class I and II land is protected and sale of it 
land is severely restricted. Land use change requires a DPH permit.44 Class I and II lands are 
usually only sold to municipalities, the state, other water utilities or land trusts. Further, Class III 
                                                                                                                                                       
Assets Critical to Public Health and Safety” as one of six of the Conservation and Development Policies 
Plan for Connecticut 2005-2010 Growth Management Principles. 
44
 John Herlihy, “(Aquarion CT) in Discussion with the Author,” January 30, 2014; Joseph R. Holstead, 
Class I and II Water Compaany Lands, Connecticut General Assembly OLR Reserach Report, 2002, 
http://www.cga.ct.gov/2002/rpt/2002-R-0460.htm. 
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land must be included in the total land acreage for sale.  Effectively, state policy makes 
offloading watershed lands very difficult for private water companies.   
Private water company land ownership arises through three common means.  Companies may 
have historically purchased land, acquired it through mergers and acquisitions, or set out to 
protect water sources by controlling watershed land surrounding them. In Connecticut, private 
water companies rarely seek new watershed lands.45 
Water Purity and Quality 
Connecticut systems that use surface water are required to filter and disinfect drinking waters.46  
Thus any benefit resulting from watershed lands are due to the reduced costs of treatment from 
high quality raw water and not the elimination of treatment expenditures as seen in the New 
York Catskills example.  
Connecticut Department of Public Health (DPH) has inventoried its surface source waters for 
chance of contamination from surrounding influences. The Source Water Assessment Reports 
derive a susceptibility measure of high, medium, or low though examining: water quality, source 
integrity, existence of potential pollution sources, land use and cover, land control, water 
company measures and local protection measures.47  At the statewide level, DPH found 69% 
community surface water had a low source susceptibility ranking, 27% were moderate, and only 
4% ranked as high.  The assessment recognized six significant, “primary impact” contaminant 
sources for surface waters: animal feeding/waste storage (microbials); pesticide storage and 
handling (inorganic chemicals, pesticides and herbicides); hazardous waste (organic and 
inorganic chemicals, microbials); solid waste (organic and inorganic chemicals, microbials); 
major state and interstate highways and rails (petroleum and chemical products); and failing on-
site septic systems (microbials and chemical products). The most prevalent contaminant in 
drinking water sources was nitrate. Land ownership allows private water companies to dictate 
land use in areas surrounding raw water sources.  Thus, land ownership can reduce the risk of 
contamination and resulting costs of remediation. 
                                               
45
 John Herlihy, “(Aquarion CT) in Discussion with the Author,” March 08, 2014. 
46
 Connecticut Department of Public Health, “Guidelines for the Design and Operations of Public Water 
System Treatment, Works, and Sources: Chapter IV Process Treatment and Chemical Application,” 2013, 
http://www.ct.gov/dph/cwp/view.asp?a=3139&q=387294. At IV.F.1.b page 18. 
47
 Connecticut Department of Public Health and the Connecticut Department of Environmental Protection, 
Drinking Water Assessment and Source Protection Program, vol. 06134, n.d., 
http://www.ct.gov/dph/lib/dph/drinking_water/pdf/SWAPWEB_05_12.pdf. 
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Example Case Water Company Profile 
In the following calculations, I examine the gains and losses of one Connecticut private water 
company’s watershed land ownership and maintenance.  I combine all data across all nine 
facilities and four pricing divisions for an estimate relative to the company as a whole. 
See tables 2 and 3, provided below, for a more complete picture of the private water company 
example used in this study. All tables come from the company’s annual report required by 
PURA.48 
 
Tables 2 and 3: Private Water Company Profile
 
 
                                               
48
 Aquarion Water Company of Connecticut, Annual Report to the Department of Public Utility Control, 
vol. 2011, 2011. 
Operating 
Revenue
Thousand 
Gallons Sold
Average Number 
of Customers per 
Month
Unmetered sales to general customers
residential $232,260 28,920 727
commercial $55,804
industrial
total $288,064 28,920 727
Metered sales to general customers
residential $95,132,874 15,016,537 165284
commercial $22,493,096 5,016,852 11228
industrial $2,894,804 963,343 371
public authorities $3,822,632 786,563 1411
total $124,343,406 21,783,295 178294
Total Operation Revenues $147,719,196
2011 Operating Revenues and Sales 
(Adapted from 2010-2011 Annual Report to PURA)
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Methods 
The example case Connecticut private water company holds and manages watershed lands.  It 
pays for the cost of land acquisition and management, the installation of forest access roads, 
road maintenance, and maintaining minimal facilities for visitor access and maintains general 
liability insurance.  In turn, the company benefits from fees charged for forest products, 
recreation, fishing, and hunting; water quality benefits arising from reduced treatment needs and 
reduced risk of water contamination from land uses outside of conservation.  The company also 
receives land payments through a portion of customer drinking water (decided though rate 
cases brought before PURA). If the company decides to liquidate watershed lands, it can benefit 
though the sale price of the land.  
The community in turn benefits from the presence of conservation land though amenity values, 
the amount of money they do not spend on land conservation, and though the additional hunting 
and fishing licenses sold. The community makes direct payments to the water company though 
hunting, fishing and recreation permits, and through the proportion of their water bills 
attributable to watershed land costs. 
Cash flow analysis 
The current research outlines a new approach to calculating economic watershed land benefits 
through the application of a discounted cash flow model through one Connecticut private water 
                                               
49
 Ibid. At 417. 
Operation Maintenance Total
Source of Supply Expenses $1,715,053 $239,901 $1,954,954
Pumping Expenses $5,960,647 $434,202 $6,394,849
Water Treatment Expenses $8,883,659 $1,427,697 $10,311,356
Transmission and Distribution Expenses $5,454,250 $3,985,061 $9,439,311
Customer Accounts Expenses $6,755,935 $0 $6,755,935
Sales Expenses $0 $0 $0
Administrative and General Expenses $20,436,876 $15,022 $20,451,898
Total $49,206,420 $6,101,883 $55,308,303
(Adapted from 2010-2011 Annual Report to PURA)
Summary of Expenses
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company example. Below is the pro-forma distributional, discounted cash-flow model (See 
Tables 4-6).  The model illuminates the timing and allocation of gains and losses of private 
water company watershed land holdings to itself, the Connecticut community, and the economy. 
Economic cost-benefit models should use shadow prices when possible. Financial prices and 
shadow prices are identical when there are no market distortions.  Shadow prices are used for 
only certain things in this analysis; mostly related to benefits external to the utility.  Shadow 
prices were not estimated for factors such water, most inputs and outputs used by the utility.  
Thus, the present analysis is in reality a financial analysis of the benefits generated by the water 
utility plus the value of any external benefits. (Full details of parameter estimation in Parameter 
Appendix).  
Cash flow models are widely used by regulatory commissions and are central to water system 
financial planning.50 The model predicts the benefits and costs to the private water company 
and the local community, where the costs and benefits are measured (in dollars) in the form of 
annual discounted cash flows to derive a Net Present Value (NPV). The sum of the water 
company and the local community costs and benefits estimate the value of private water 
company watershed land ownership to the economy as a whole. 
Many costs from the company are benefits to the community, thus net out to the economy as a 
whole.  Distributional gains and losses are important here since PURA’s decisions on what to 
include in the rate base functions as a mechanism to redistribute some of those gains and 
losses. 
Water Company Cash Flow 
The cash flow to the company details the inputs and outputs of the company’s financials with 
regard to landholdings.  Company inputs contain some non-market values from ecosystem 
services and a proportion of customer bills attributable to watershed land acquisition and 
retention. 
The model does not include a full water company cash flow, but rather only water company 
assets and expenditures dependent or influenced by watershed land holdings are incorporated.  
In effect, it is assumed that the net benefits from the cash flow analyzed are separable from the 
utility’s other activities.   This implies that the NPV computed here can simply be added to the 
                                               
50
 David W Wirick and Steven Goldberg, Evaluating Water Utility Financial Capacity with Ratio Analysis 
and Discounted Cash Flows, 1997. At iv. 
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NPV from the company’s other activities to compute the value of the company.  For instance, 
suppose that the NPV from the examined activity is 5 and the NPV from other activities is 8.  
The NPV of all operations is assumed to be 13.  Such a result may not be the case.  For 
instance, the whole maybe greater than or less than the sum of the parts depending on 
economies of scale, coordination, diseconomies, and other factors.  Assuming however that 
such effects are not significant, the results can be interpreted as a reasonable measures of the 
benefit of the examined activities to the overall value of the company.  
The total NPV to the private water company over the 15 years of the project is $1,461,824,087 
(See Table 4). The first year, the investment in watershed land makes the resulting net cash 
flow negative - afterwards positive returns occur through 2025.  The largest drivers of yearly 
positive returns are water quality benefits form land holdings, specifically reduced treatment 
needs. Building logging roads are the largest annual costs to the company. While logging roads 
may not be an explicit cost because private water companies likely hire a contractor for such 
work, the logging road costs are calculated from a larger-scale private water company budget 
item that would include the total cost of forestry contractors.   
Community Cash Flow 
The cash flow to the community incorporates the gains and losses to the surrounding 
geographical area.  Since the example case water company holds land across the entire state, I 
define the community as the state of Connecticut. The literature (cited in the parameter 
appendix) provides an estimate for open space amenity value and WTP for open space land 
conservation, but all other figures are market priced or shadow priced though market goods. 
The nonmarket values benefit to the community includes recreational values (hunting, fishing 
and hiking) and the benefit of increased water-penetrable surfaces for recharge of ground water 
and reduced need for stormwater infrastructure.   
The total NPV to the community over the 15 years of the project is $2,366,608,242. (See Table 
5). The vast majority of benefits come from open space WTP values ($21,861,900 annually). 
The cash-outs are distributional gains so are cash-ins to the company. The 2010 total cash-out 
is -$134,149.91, a far smaller magnitude than the cash-in value of $21,862,294.    
 
19 
 
Cash Flow to the Economy  
The sum of the cash flow to the company and the cash flow to the community is the cash flow to 
the economy.  The sum of the discounted gains and losses across all 15 years constitutes the 
Net Present Value – the total value to the economy of private water companies owning 
undeveloped watershed lands. The total NPV to the economy over the 15 years of the project is 
$3,828,432,329. About 40% of the total NPV is due to company benefits whereas the remaining 
60% comes from benefits to the community. (See Table 6). 
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Table 4: Private Water Company Cash Flow 2010-2014 
 
1 Cash Flow to the Company
2 year 2010 2011 2012 2013 2014
3 Cash In 0 1 2 3 4
4 LAND REVENUE
5 Forest Products $0.00 $0.00 $0.00 $454,020.00 $408,618.00
6 Recreation $0.00 $0.00 $0.00 $0.00 $0.00
7 Fishing $500.00 $500.00 $500.00 $500.00 $500.00
8 Hunting $0.00 $0.00 $0.00 $0.00 $0.00
9 WATER QUALITY BENEFITS
10 Reduced purification (reduced treatment) $801,453.73 $809,549.22 $817,644.71 $825,821.16 $834,079.37
11 Reduced risk of contamination $339,731.40 $343,163.03 $346,594.66 $350,060.61 $353,561.22
12 Rate Base Return on Land $133,649.91 $135,823.08 $137,996.25 $141,606.23 $145,310.65
13
Watershed land Liquidation (Land Land Rights 
Source and supply)
14
15 TOTAL CASH IN $1,275,335 $1,289,035 $1,302,736 $1,772,008 $1,742,069
16
17 Cash Out
18 land management ($228,174) ($254,418) ($332,508) ($469,103) ($503,068)
19 Infrastructure
20 total cost of new forest access roads ($511,353) ($519,535) ($527,847) ($429,034) ($435,899)
21 total road maintenance $0 ($9,388) ($9,388) ($9,388) ($7,510)
22 facilities (port potties, offices, etc.) ($2,858) ($2,905) ($2,952) ($3,000) ($3,048)
23
Watershed Land Costs (Land and Land Rights Source 
and supply) ($5,324,133) ($121,845) $0 $0 $0
24 General Liability Insurance ($3,418) ($3,474) ($3,530) ($3,588) ($3,646)
25
26 TOTAL CASH OUT ($6,069,937) ($911,563) ($876,225) ($914,113) ($953,171)
27
28
29 Net Cash Flow to Company ($4,794,601.82) $377,471.96 $426,510.36 $857,895.34 $788,898.24
30 Discounted Cash Flow ($4,794,601.82) $356,441.88 $380,309.93 $722,347.92 $627,244.91
31
32 Net Present Value to Company $1,461,824,087
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Table 5: Community Cash Flow 2010-2014  
 
 
 
Table 6: Whole Economy Cash Flow 2010-2014 
Cash Flow To The Community (Cash flow to Connecticut)
time 2010 2011 2012 2013 2014
Cash In 0 1 2 3 4
Additional Connecticut fishing licenses $280.00 $280.00 $280.00 $280.00 $280.00
Additional Connecticut hunting licenses $114.00 $114.00 $114.00 $114.00 $114.00
Open Space WTP $21,861,900 $21,861,900 $21,861,900 $21,861,900 $21,861,900
TOTAL CASH IN $21,862,294.00 $21,862,294.00 $21,862,294.00 $21,862,294.00 $21,862,294.00
Cash Out
DIRECT LAND PAYMENTS to Water Company
Recreation $0.00 $0.00 $0.00 $0.00 $0.00
Fishing ($500.00) ($500.00) ($500.00) ($500.00) ($500.00)
Hunting $0.00 $0.00 $0.00 $0.00 $0.00
Rate Base Return on Land ($133,649.91) ($135,823.08) ($137,996.25) ($141,606.23) ($145,310.65)
TOTAL CASH OUT ($134,149.91) ($136,323.08) ($138,496.25) ($142,106.23) ($145,810.65)
Net Cash Flow to Community $21,728,144.09 $21,725,970.92 $21,723,797.75 $21,720,187.77 $21,716,483.35
Discounted Cash Flow $21,728,144.09 $21,500,218.63 $21,274,683.86 $21,050,122.23 $20,827,839.77
Net Present Value to Community $2,366,608,241.5
Cash flow to Economy
year 2010 2011 2012 2013 2014
0 1 2 3 4
discounted cash flow to community $21,728,144.09 $21,500,218.63 $21,274,683.86 $21,050,122.23 $20,827,839.77
discounted cash flow to company ($4,794,601.82) $356,441.88 $380,309.93 $722,347.92 $627,244.91
TOTAL CASH FLOW TO ECONOMY $16,933,542.27 $21,856,660.51 $21,654,993.79 $21,772,470.14 $21,455,084.68
NPV to Econmomy $3,828,432,329
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Parameters 
For parameter estimates, I attempted to follow the required disclosure standards for “fair value 
of financial instruments” at highest and best use,  where I either A) quoted prices for identical 
asset/liabilities at market rates, B) quoted prices for similar asset/liabilities at market rate, or C) 
value non-market asset/liabilities using discounted cash flow or valuations.51 Parameters can be 
divided into three natural parameter groupings: Technical, Economic, and Environment.  The 
parameter table below shows the 2013 values used in the cash flow analyses (See Table 7 and 
for more specific information on parameter calculation, see Parameter Appendix). 
 
                                               
51
 Aquarion Water Company of Connecticut, Annual Report to the Department of Public Utility Control. at 
10 and 13, referencing ASC 820 Disclosures of Fair Value Measurements and Disclosures..  
Line Variable: Year = 2013
1 TECHNICAL
2 Watershed Land Management $454,011
3 Back-up Water Supply Cost per MG $2,548
4 Price of Average Surface Water Production ($/MG) $558.94
5 Forest Harvest Value $454,020
6 Forest Harvest Value (per acre) $757
7 Annual Percentage of Watershed Land Harvested 3%
8 Total Forest Harvest Rotation Time (years) 15
9 Land
10 Total Watershed Land Acarage 15,000
11 Land and Land Rights (Source and Supply) in 2010 ($5,324,133)
12 Market Value of Land
13 Class I and II lands $3,895
14 Class III Lands $20,556
15 Surface Water Use (MG) 27,201.79
16 Ratio Land Costs to Utility Plant Costs 0.00931
17 Rate Recovery on Land from Residential Water Bills $141,606.23
18 Recreation 
19 Recreators 30
20 Recreation Fees $0
21 Company Fishing Season Permit Cost $25
22 Fishers on Property 20
23 company hunting fees $0
24 Hunters on Property 30
25 Connecticut Hunting License $38
26 Additional CT Hunters due to Watershed Land 19
27 Percent Additional CT Fishers Due to Watershed Land 0.2
28 Connecticut Fishing License (residential inland) $28
29 ECONOMIC
30 Opportunity Cost of Land /Liquidation Value in 2025 $86,010,192
31 Inflation Rate 1.60%
32 Discount Rate
33 Company 5.90%
34 Community 1.05%
35 ENVIRONMENTAL
36 Water Treatment Benefits From Land $825,821
37 Surface Water Treated (MG) 15,946
38 Open Space Amenity Value (total) $21,861,900
39 Contamination Risk Prevention Benefit $203,020
Table 7: Parameters in 2013
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Limitations and assumptions 
The distribution of benefits and loses depends upon who purchases and maintains lands.  In 
some areas, private water utilities can limit their expenses while maintaining most benefits from 
undeveloped, protected watershed lands through existence of conservation easements or 
partnerships with land trusts.  The current model does not include such considerations.  
Any model is only as accurate as its inputs. The model required finer granularity for inputs than 
the information collected in the Annual Report to PURA.  Incorporation of company 
specifications or estimates from literature provided best approximations for model parameters 
(See Table 7) given current information. Additionally, many inputs here were calculated with 
growth rates equal to inflation absent trends in relative prices. It is my hope that identified 
information gaps coupled with model sensitivity analysis will inform future data gathering needs.  
I do not include tax calculations, thus a downward bias of my NPV calculation for the water 
company may exist because of the presence of significant tax credits that can be used to offset 
other income.    In addition, I anticipate only tax losses to the integrated company arising from 
separately accounting for watershed land. Assuming the integrated company has positive 
taxable income; those losses could be used to offset other income. 
Sensitivity 
Sensitivity analysis is a method to examine the implications of changes in parameters on the net 
present values. The base case NPV is $3,828,432,329 to the economy from 2010 through 2025, 
where $1,461,824,087 of that goes to the company and $2,366,608,242 goes to the community. 
I assessed the model’s sensitivity to variables that heavily relied on literature estimates 
(forested land treatment benefits and open space WTP values), parameters with naturally wide 
variations (timber harvest income, discount factor, land liquidation value), and variables where 
measurements are missing or data scarce (company costs for watershed maintenance). 
Percentage changes of +/- 10% and +/-20% were used to examine the effects on these 
changes on the NPV.  (See results below in Table 8). 
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Table 8. Sensitivity of NPV estimates to changes in initial parameter inputs.
 
Parameter lowest plausible minus 20% minus 10% Base Case plus 10% plus 20% highest plausible
Average Revenue from 
Harvested Acre (starting in 
2013) $244.00 $605.36 $681.03 $756.70 $832.37 $908.04 $3,965.00
$3,825,129,300 $3,827,457,333 $3,827,944,831 $3,828,432,329 $3,828,919,827 $3,829,407,325 $3,849,101,543
$1,458,521,059 $1,460,849,092 $1,461,336,590 $1,461,824,087 $1,462,311,585 $1,462,799,083 $1,482,493,302
$2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242
Forested Land Treatment 
Benefit (per MG produced) $27.13 $41.43 $46.61 $51.79 $56.97 $62.15 96.19
$3,816,726,775 $3,823,515,616 $3,825,973,973 $3,828,432,329 $3,830,890,685 $3,833,349,041 $3,849,508,023
$1,450,118,533 $1,456,907,375 $1,459,365,731 $1,461,824,087 $1,464,282,444 $1,466,740,800 $1,482,899,781
$2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242
Watershed Land Liquidation 
Value 0 $68,808,154 $77,409,173 $86,010,192 $94,611,212 $103,212,231 $111,813,250
$2,370,632,456 $3,536,872,354 $3,682,652,342 $3,828,432,329 $3,974,212,316 $4,119,992,304 $4,265,772,291
$4,024,215 $1,170,264,113 $1,316,044,100 $1,461,824,087 $1,607,604,075 $1,753,384,062 $1,899,164,049
$2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242
Watershed Land 
Maintenance Value ($100,000) ($182,539) ($205,357) ($228,174) ($250,992) ($273,809) ($300,000)
$3,849,530,111 $3,843,555,889 $3,842,804,997 $3,828,432,329 $3,841,303,214 $3,840,552,323 $3,839,690,420
$1,482,921,870 $1,476,947,647 $1,476,196,756 $1,461,824,087 $1,474,694,973 $1,473,944,081 $1,473,082,178
$2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242
Watershed Land Costs 
(purchase in 2010) ($3,354,203.80) ($4,259,306.41) ($4,791,719.71) ($5,324,133) ($5,856,546.31) ($6,388,959.61) ($15,000,000)
$3,830,402,258 $3,829,497,156 $3,828,964,742 $3,828,432,329 $3,827,899,916 $3,827,367,502 $3,818,756,461.95
$1,463,794,017 $1,462,888,914 $1,462,356,501 $1,461,824,087 $1,461,291,674 $1,460,759,261 $1,452,148,220.44
$2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,241.51
Watershed Land Acres 1,000 12,000 13,500 15,000 16,500 18,000 20,000
$1,595,826,034 $3,350,016,694 $3,589,224,512 $3,828,432,329 $4,067,640,146 $4,306,847,963 $4,625,791,720
$1,457,274,107 $1,460,849,092 $1,461,336,590 $1,461,824,087 $1,462,311,585 $1,462,799,083 $1,463,449,080
$138,551,927 $1,889,167,603 $2,127,887,922 $2,366,608,242 $2,605,328,561 $2,844,048,880 $3,162,342,639
Open Space WTP (per 
acre) $11.89 $1,165.97 $1,311.71 $1,457.46 $1,603.21 $1,748.95 $1,924
$1,460,704,006 $3,350,991,690 $3,589,712,010 $3,828,432,329 $4,067,152,648 $4,305,872,968 $4,592,337,351
$1,461,824,087 $1,461,824,087 $1,461,824,087 $1,461,824,087 $1,461,824,087 $1,461,824,087 $1,461,824,087
($1,120,081) $1,889,167,603 $2,127,887,922 $2,366,608,242 $2,605,328,561 $2,844,048,880 $3,130,513,264
Community Discount Rate 0.05% 0.84% 0.95% 1.05% 1.16% 1.26% 5.00%
$45,123,735,034 $4,348,683,984 $4,059,883,911 $3,818,756,462 $3,638,694,911 $3,480,248,672 $2,131,776,915
$1,461,824,087 $1,461,824,087 $1,461,824,087 $1,452,148,220 $1,461,824,087 $1,461,824,087 $1,461,824,087
$43,661,910,947 $2,886,859,896 $2,598,059,823 $2,366,608,242 $2,176,870,823 $2,018,424,585 $669,952,827
Company Discount Rate 4.13% 4.72% 5.31% 5.90% 6.49% 7.08% 13.00%
$4,455,365,741 $4,194,179,204 $3,991,001,544 $3,828,432,329 $3,695,398,389 $3,584,517,472 $3,028,653,471
$2,088,757,500 $1,827,570,963 $1,624,393,302 $1,461,824,087 $1,328,790,148 $1,217,909,230 $662,045,229
$2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242 $2,366,608,242
Sensitivity of Net Present Values 
NPVs                   (Economy, 
company, community)
NPVs                   (Economy, 
company, community)
NPVs                   (Economy, 
company, community)
NPVs                   (Economy, 
company, community)
NPVs                   (Economy, 
company, community)
NPVs                   (Economy, 
company, community)
NPVs                   (Economy, 
company, community)
NPVs                   (Economy, 
company, community)
NPVs                   (Economy, 
company, community)
Values used in model are 2010 values unless otherwise stated)
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Table 9: Sensitivity of the estimated NPV proportion going to the private water company.
Parameter Lowest plausible minus 20% minus 10% Used in Model plus 10% plus 20% highest plausible
Average Revenue from 
Harvested Acre (starting in 
2013) $244.00 $605.36 $681.03 $756.70 $832.37 $908.04 $3,965.00
Company 38.13% 38.17% 38.18% 38.18% 38.19% 38.20% 38.52%
Community 61.87% 61.83% 61.82% 61.82% 61.81% 61.80% 61.48%
Forested Land Treatment 
Benefit (per MG produced) 27.13 $41.43 $46.61 $51.79 $56.97 $62.15 96.19
Company 37.99% 38.10% 38.14% 38.18% 38.22% 38.26% 38.52%
Community 62.01% 61.90% 61.86% 61.82% 61.78% 61.74% 61.48%
Watershed Land Liquidation 
Value 0 $68,808,154 $77,409,173 $86,010,192 $94,611,212 $103,212,231 $111,813,250
Company 0.17% 33.09% 35.74% 38.18% 40.45% 42.56% 44.52%
Community 99.83% 66.91% 64.26% 61.82% 59.55% 57.44% 55.48%
Watershed Land 
Maintenance Value ($100,000) ($182,539) ($205,357) ($228,174) ($250,992) ($273,809) ($300,000)
Company 38.52% 38.43% 38.41% 38.18% 38.39% 38.38% 38.36%
Community 61.48% 61.57% 61.59% 61.82% 61.61% 61.62% 61.64%
Watershed Land Costs 
(purchase in 2010) ($3,354,203.80) ($4,259,306.41) ($4,791,719.71) ($5,324,133) ($5,856,546.31) ($6,388,959.61) ($15,000,000)
Company 38.22% 38.20% 38.19% 38.18% 38.17% 38.17% 38.03%
Community 61.78% 61.80% 61.81% 61.82% 61.83% 61.83% 61.97%
Watershed Land Acres 1,000 12,000 13,500 15,000 16,500 18,000 20,000
Company 91.32% 43.61% 40.71% 38.18% 35.95% 33.96% 31.64%
Community 8.68% 56.39% 59.29% 61.82% 64.05% 66.04% 68.36%
Open Space WTP (per acre) $11.89 $1,165.97 $1,311.71 $1,457.46 $1,603.21 $1,748.95 $1,923.85
Company 100.08% 43.62% 40.72% 38.18% 35.94% 33.95% 31.83%
Community -0.08% 56.38% 59.28% 61.82% 64.06% 66.05% 68.17%
Community Discount Rate 0.05% 0.84% 0.95% 1.05% 1.16% 1.26% 5.00%
Company 3.24% 33.62% 36.01% 38.03% 40.17% 42.00% 68.57%
Community 96.76% 66.38% 63.99% 61.97% 59.83% 58.00% 31.43%
Company Discount Rate 4.13% 4.72% 5.31% 5.90% 6.49% 7.08% 13.00%
Company 46.88% 43.57% 40.70% 38.18% 35.96% 33.98% 21.86%
Community 53.12% 56.43% 59.30% 61.82% 64.04% 66.02% 78.14%
Sensitivity Analysis Reported as Proportion of Economic NPV
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Because there was some uncertainty in measuring initial values, I report NPVs from the highest 
and lowest plausible parameter estimates. These results are given in the second and last 
columns of the sensitivity table above. For example, if the company is not able to sell any of its 
watershed lands, and the liquidation value is $0 in 2025, the NPV to the company decreases 
from $1,461,824,087.43 to $4,024,214.61. (See Table 8 and 9 above). 
Examining results contained in Table 8, all perturbations to parameters resulted in positive 
NPVs to all parties. The systematic changes (+/- 10% and +/-20%) in Watershed land acres, 
WTP per watershed acre, and the discount rates drive the highest alterations in NPV 
magnitudes. (A 20% decrease in Watershed land acres, WTP per watershed acre and the 
community and company discount rates leads to a change from the base case of 
$3,828,432,329 to $3,350,016,694, $3,350,991,690, $4,348,683,984 and $4,194,179,204 
respectively). The NPV to the economy may be more robust to changes in the company 
discount rate than the communities (See Figure 1). The open space WTP and watershed acres 
trends on NPV varying together implies that open space WTP is a large driver of the NPV and 
varies directly with land acres.  This is likely a result of the model and not the underlying drivers 
of WTP. (Figure 2).  WTP likely decreases past a threshold of preserved open space and very 
likely varies with household income. Whereas the systematic change of maintenance value and 
watershed land purchase price alter NPV the least (A 20% decrease result is in an NPV of 
$3,843,555,889 and $3,829,497,156 respectively).  The average revenue from harvested acre 
has the lowest influence on change in NPV (See Figure 3).  This is likely driven by year-to-year 
trend assumptions in forest revenue generation (See Parameter Appendix for more details). 
Changing parameters to their lowest and highest plausible values indicate that watershed land 
liquidation value and watershed land acres have a strong influence on the magnitude of the 
NPV (lowest plausible values changes the NPV from $3,818,756,462 to $2,370,632,456 and 
$1,595,826,034, respectively). 
When open space WTP is very low ($11.89/acre), a negative NPV is possible for the 
community. Taking this further, when there is no open space WTP  value included in NPV 
calculations, the community NPV is significantly low while the NPV to the economy remains 
positive (The NPV to the economy is $1,441,229,135; the company $1,461,824,087; the 
community $-20,594,952). However, if the open space WTP is calculated as a one-time cash in 
during the first year of the project (2010), all NPV estimates remain positive (The NPV to the 
economy is $1,463,091,035; the company $1,461,824,087; the community $1,266,948). 
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Figure 3 
 
 
Figure 4 
 
 
The proportional benefits going to the company and the community tends to remain around a 
40-60% split throughout the systematic alteration of parameter inputs (see Table 9 and Figure 
4).  It is not until a few parameters are taken to their extremes that substantial changes to the 
distribution of NPV are evident.  Specifically, altering the community discount rate to a very low 
or high value or altering the company discount rate to a high value disturbs the 60-40% NPV 
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distribution trend. Further, if watershed land is not sellable, the vast majority (99%) of benefits 
remain with the community – highlighting the importance of selling land. 
Varying Multiple Parameters Together 
I examine the effects of varying multiple parameters at a time for an attempt at bounding the 
possibilities of NPV results. First, I change all land prices (amenity value, purchase price, and 
liquidation value) to $1000 per acre. The NPV falls from $3.82 billion to $1.90 billion with the 
private water company proportion of NPV falling from 38% to 15% of total NPV.  (See Table 10 
below).  Second, I keep the model above and reduce the number of watershed acres from 
15,000 in the base case to 1,000. The result further decreases the NPV to $111 million, yet the 
company sees an even larger proportion of the total NPV (21%).  (See Table 10).   
Altering the amount of land and holding land price constant at $1000 per acre reveals positive 
NPV to all parties with the majority of the benefits still going to the community.  Investigating the 
effect of watershed land acreage with the minimal land costs also results in positive NPV to all 
parties and the majority of benefits remaining with the community. 
 
 
t=0 t=25
Land Liquidation Value $15,468,905
Open Space WTP $15,000,000
Watershed Land Costs $15,000,000
Acres 15,000
NPV to Economy $1,903,858,436
NPV to Company $286,533,175
Percentage 15%
NPV to Community $1,617,325,261
Percentage 85%
Table 10: Changing land prices to $1000 
Results:
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Discussion 
The above results reveal two central findings that are currently limited by the regulatory 
landscape: (1) to increase NPV private water companies should be given flexibility to sell their 
land; and (2) private water companies could benefit from capitalizing on the benefits enjoyed by 
the community.  
Sell land 
Two large influencers of NPV are land acreage and liquidation value when taken to the 
extremes of their plausible ranges. This means that if a water company cannot sell its land, 
thereby receiving a liquidation value, its potential NPV drops from $1,461,824,087 to $4,024,215 
and simultaneously decreases the NPV to the economy from $3,828,432,329 to 
$2,370,632,456. Additionally, low land acreage (1000 acres) drives the economy’s NPV down to 
$1,595,826,034.  The number of watershed acres owned and their ability to be sold may be 
paramount to observing the highest possible NPV.  
Tables 10 and 11 indicate that having all parties value land at the same price drives benefits 
away from the company. Further, reduced acreage of land holdings increases the proportion of 
benefits observed by the company. This reiterates the distributional findings by implying private 
water company land ownership is more beneficial to the community than to the company. Land 
t=0 t=25
Land Liquidation Value $1,031,260
Open Space WTP $1,000,000
Watershed Land Costs $1,000,000
Acres 1,000
NPV to Economy $111,877,084
NPV to Company $23,277,356
Percentage 21%
NPV to Community $88,599,729
Percentage 79%
Results:
Table 11: Changing land prices to $1000 and decreasing watershed land 
1000 acres
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prices do not remain constant, they fluctuate with the economy and per capita income levels.   
When prices drop, the private water company may see more benefits by reducing land holdings 
though liquidation – flexibility not readily available for all watershed land holdings.  
Multiple means are currently employed at the state level to encourage watershed land holding. 
PURA promotes land holding through the inclusion of Land and Land Rights for Source and 
Supply in the calculation of water rates. Statewide, forested lands gain substantial property tax 
breaks through current use valuation. Forested lands tax benefits may be obtained for lands that 
will not be developed for 10 years or more.52  The State of Connecticut advances land holding 
through the difficulty of offloading lands once they are designated as watershed land. However, 
coupling the above policies with the observed increase in NPV from additional acres of 
watershed land, the state could relax its restrictions on watershed land sales and likely still see 
benefits for Connecticut. Further, in light of positive returns to all parties, PURA could include 
some of the land management costs as part of the rate base to further encourage land holding 
by private water companies. 
Capitalizing on the benefits 
The vast majority of benefits to the economy stem from the forgone expenditure for open space 
land (included in the community’s cash flow as open space WTP). The community benefits at 
little cost to them while the water company must pay for the watershed property.  Knowing the 
distribution of benefits favors the community (60-40% divide), a payment for benefits could 
occur through water use rates.  PURA could allow the private water company to capitalize on 
watershed land holding benefits to the community or offer a higher return on investments during 
rate case proceedings. 
Public Utility Commissions can use the NPV distribution between company and community 
when they consider rate cases.  Rate setting offers a unique opportunity to correct for external 
gains and losses in addition to regulating a monopoly. With the current study, PURA can begin 
to incorporate the negative consequences of land ownership regulation in a larger context and 
move beyond a simple review of additional expenditures.  
This study highlights the difference between benefits realized by the community and the water 
company.  Because the community receives positive returns from land ownership, PURA’s price 
                                               
52
 Connwood Foresters Inc, “Connwood Foresters, Inc. ‘Property Tax Savings.,’” accessed March 11, 
2014, http://www.connwood.com/Propertytaxsavings.html. 
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setting may be consistent with its commitment to Connecticut citizens. The company and 
economy as a whole are not blocked from seeing positive returns by PURAs regulations. 
However, for rate setting, the relationship between watershed protection and treatment costs 
has the potential to decrease the rate of return on investment if the rate base only includes the 
outcomes of the land holdings (reduced operating costs through decreased treatment costs) 
and not their total cost to the production process (procurement and management costs).  
Policy Questions Answered 
From all perspectives assessed, private water company owned and maintained watershed land 
is economically beneficial.  The ownership and use as natural land supports the economy of 
Connecticut to a greater extent than experienced by the private water company, provided that 
community nonmarket benefits are included through willingness to pay for open space 
preservation. Even with the lack of directly measured parameters, sensitivity analysis reveals 
positive NPV findings may be robust.  
Water companies have expressed conflicting views of new watershed land purchases. The 
current analysis shows this hesitation may be unfounded at least for reasons within the scope of 
this study. The current analysis shows NPV of the company can increase with additional land 
holdings and the changes in the price of land have a minimal effect on the result.  
Other benefits of land ownership 
Interestingly, using natural systems to remove water contaminants may prove advantageous 
beyond cost considerations.  Areas that have high total organic carbon (TOC) levels naturally in 
their water may form disinfection byproduct (DBP) through a reaction with chlorine during 
drinking water treatment.  Some DBPs are carcinogenic and regulated by the Safe Drinking 
Water Act.53  Emile Elias modeled Mobile, Alabama’s Converse Watershed and found the loss 
of forested lands to urbanization increased TOC levels and necessitated additional treatment of 
                                               
53 Elias, Emile Hall. "Valuing Ecosystem Services from Forested Landscapes: How Urbanization Influences Drinking Water Treatment Cost."Auburn University, 
2010, http://search.proquest.com/docview/855816122?accountid=10598 (accessed April 29, 2013). 1. 
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reservoir waters to meet drinking water standards.54  The author calculated that this additional 
treatment cost was $12,080 to $25,190 km2 /year.55 
Further, some private water companies view watershed land ownership as a public relations 
benefit.  They do not calculate this benefit in monetary terms but it is an important consideration 
to the company and affects the recreational fees they charge.56 Since fees are minimal and NPV 
is very high, water companies can continue to gain public relations benefits while reaping other 
benefits form watershed lands. 
Watershed lands have the capacity to decrease treatment (filtration and disinfection) 
expenditures for private water companies.  The exact sum of savings is contingent upon the 
physical, chemical and biological composition of the watershed lands affecting the amount of 
runoff entering drinking water sources and local treatment requirements.  The most prevalent 
example lies in the unique properties of the Catskills and the ecosystem services they provide to 
New York.  The Catskills are so efficient for contaminant removal that the requirement to filter 
and treat raw water was removed from New York’s treatment facilities. Calculating benefits from 
lands by including foregone costs will increase observed watershed land returns. The financial 
benefit is tied to the current state of rules governing facility treatment. However, since drinking 
water rules focus on consumer safety, regulators are uniquely aware of the actual realized 
treatment benefits to public drinking supply and it is not a far stretch to admit that the rules are 
only relaxed when true benefits are gained through ecosystem services. Benefits to the 
company could rise if filtration requirements were relaxed from the actual filtration services 
lands provide.  
 
  
                                               
54 Id. 
55 Elias, Emile Hall. "Valuing Ecosystem Services from Forested Landscapes: How Urbanization Influences Drinking Water Treatment Cost."Auburn University, 
2010, http://search.proquest.com/docview/855816122?accountid=10598 (accessed April 29, 2013) at 2Holmes, “The Offsite Impact of Soil Erosion on the Water 
Treatment Industry.” At 358.
 
56
 Herlihy, “(Aquarion CT) in Discussion with the Author,” January 30, 2014. 
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Appendix 1 – Parameter Estimation 
Technical parameters 
Watershed Land Management 
Currently, water companies do not budget to the small scale needed for the current analysis. A 
2014 land management budget item for $1.3 million bundled watershed maintenance, natural 
resources management, environmental compliance, law enforcement, community outreach, and 
source water protection costs of watershed land management.  To estimate the value of 
watershed land maintenance directly, calculations subtracted from the original $1.3 million 
budget the expenses of the additional roles performed in the budget item. (See Table 1). 
All items within the company’s land management budget item are related to watershed 
maintenance to some degree. I assumed the largest sources of costs outside of watershed land 
management came from the installation and maintenance of forest access roads and land 
management labor.57 The water company likely pays for forest access roads through contracted 
forest services, but some estimate of this cost is necessary for watershed land maintenance 
cost estimates. Additionally, I assumed forest access roads have no liquidation value because 
they are used once every 15 years to access timber in stands and would not be sellable. (Table 
2).  As for employees, currently, there are 12 fulltime equivalents who work in land 
management.58 I assumed the number of employees to stay constant because their jobs include 
actions across all roles performed in the budget item. Wages relied on 2012 Bureau of Labor 
Statistics data for Farming, Fishing, and Forestry Occupations and Protective Service 
Occupations and increase with inflation.59 Facilities costs include the limited upkeep of 
recreational facilities such as portable toilets and increases with inflation.60  
I estimate the cost of forestry access road maintenance at the cost of silt fencing61  half of the 
newly installed roads and seeding new roads.62 I assume this cost changes with inflation. 
                                               
57
 My estimation for the 2011 cost of road installation was $519,033.52.  In the 2011 annual report, the 
actual additional costs of timber trails was $553,534.00. See Aquarion Water Company of Connecticut, 
Annual Report to the Department of Public Utility Control. at 405.  
58
 Herlihy, “(Aquarion CT) in Discussion with the Author,” March 08, 2014. 
59
 US Department of Labor, “Occupational Employment Statistics, Bureau of Labor Statistics,” 2012, 
http://www.bls.gov/oes/current/oes_ct.htm#45-000. 
60
 Herlihy, “(Aquarion CT) in Discussion with the Author,” March 08, 2014. 
61 
at $20 per 100ft with half of roads getting silt fencing once, that is $10/100ft and 38.52 ft/acres 
62 
10ft wide roads at 38.52 ft/acre with $60 bag that covers 10,000 square ft
   
40 
 
For a large estimate of what the company spends on only watershed land management, the 
model contained all other duties performed though the land management budget item in the 
calculation of costs. For 2013, these costs are $427,793.91. (See Table 1 and 2). 
 
 
 
 
Cost to purchase backup supply 
In 2011, the water company purchased 250.744 MG from six vendors for a total of $628,914 
(inclusive of commodity and other charges), for an average of $2,548/MG in 2013 dollars.63  For 
a conservative estimate, I model cost to rise only with inflation 
Forest Harvest Values 
Many water companies are just beginning to harvest their forests for timber, thus their timber 
values are not yet known.64  I consulted outside literature and made value judgments to 
calculate the expected revenue from the annual proportion of watershed forest harvested. Data 
were not available for the tree species in each stand, the rate of harvest, the value of these 
harvests, or the rate of change for timber harvest revenues  
Species composition of each stand in the current analysis relied on the forest management 
plant of another Connecticut water company and the species abundance in its managed 
                                               
63
 Aquarion Water Company of Connecticut, Annual Report to the Department of Public Utility Control. at 
418. 
64
 Herlihy, “(Aquarion CT) in Discussion with the Author,” January 30, 2014; David Radka, “(Connecticut 
Water Company) in Discussion with Author,” December 2013. 
Table 1: Calculation of Infrastructure costs
time 2010 2011 2012 2013 2014
infrastructure
new amount of acres with roads (acres) 1,500.00 1,500.00 1,500.00 1,200.00 1,200.00
cost of roads per acre $340.90 $346.36 $351.90 $357.53 $363.25
total cost of new forest access roads $511,353.00 $519,534.65 $527,847.20 $429,034.21 $435,898.75
total road maintenance $0.00 $9,387.84 $9,387.84 $9,387.84 $7,510.27
Table 2: Calculation of watershed land management costs
time 2010 2011 2012 2013 2014
"Land Management budget item:" Land management and 
labor budget allocation (for watershed maintenance, 
natural resources management, environmental 
compliance, law enforcement, community outreach costs, 
and source water protection) $1,150,880.65 $1,186,474.90 $1,223,170.00 $1,261,000.00 $1,300,000.00
Labor $408,495.00 $400,230.00 $350,475.00 $350,475.00 $350,475.00
Infrastructure
total cost of acred roads $511,353.00 $519,033.52 $526,829.41 $427,793.91 $434,219.37
total road maintenance $0.00 $9,240.00 $18,480.00 $27,720.00 $35,112.00
facilities $1,000.00 $1,000.00 $1,000.00 $1,000.00 $1,000.00
Cost of land management $230,032.65 $256,971.38 $326,385.59 $454,011.09 $479,193.63
41 
 
stands.65 I estimate revenue and their trends based on the most abundant species and the 
trends of stumpage price from the University of Massachusetts at Amherst, MassWoods Forest 
Conservation Program, Southern New England Stumpage Price Report (The Stumpage 
Report).66   
The Stumpage Report categorizes prices by east or west of the Connecticut River.  I averaged 
prices across both locations for Connecticut values. While prices of actual timber harvest vary 
significantly based on amount harvested at one interval, quality and mix of trees, distance to 
mill, method of sale and logging costs, the estimates used in the model serve as an 
approximation of sale price and are based on actual prices from the area. Red Oak and White 
Pine dominate most managed stands. The east and west average $/Mbf (price per 1000 board 
feet, i.e. an estimate of raw lumber per tree or stand) in 2013 for Red Oak is $175/Mbf but the 
price is a low from $325/Mbf in 1994.  White pine commands $60/Mbf in 2013. The average 
price for the average species on private water company owned lands used in the model is 
$117.5/Mbf. I assumed stumpage prices to follow current stumpage trends and fall at a rate of 
1% annually until 2024. (See figures 1 and 2).  Using an average of 6.44Mbf/acre, for 2013, I 
estimate the total revenue from harvested acres is $454,020 (See Table 3).  
A review of all timber stumpage price trends reveals steady or declining prices, therefore I 
assume stumpage prices to decline by 1% yearly for 10 years and then held constant for the 
remainder of this report’s estimates.67 
Figures 1 and 2. Southern New England Stumpage price trends (University of Massachusetts):
  68 
                                               
65
Connwood Foresters Inc, Forest Stewardship Plan, Connecticut Water Comapny, 2012.  
66
University of Masssachusettes at Amherst, “Southern New England Stumpage Price Report,” 
MassWoods.net, 2014, http://masswoods.net/about.  
67
 University of Masssachusettes at Amherst, “Southern New England Stumpage Price Report,” 
MassWoods.net, 2014, http://masswoods.net/stumpage-report/trends. 
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Table 3 Timber Harvest Revenue     
Time invariant Timber Harvest Parameters     
yearly percentage harvested 3.00%   
Acres harvested 450   
Total Acres Harvested 6750   
Percentage of Total Land harvested 45.00%   
Average number of Mbf/acre  6.44   
Parameters that vary with time 2013 2014 
Dominant species 1 Stumpage prices  ($/Mbf) $175.00  $157.50  
Dominant species 2 stumpage prices ($/Mbf) $60.00  $54.00  
Average Stumpage Price  ($/Mbf) $117.50  $105.75  
Average price per acre $756.70  $681.03  
  
  
  
ANNUAL TOTAL: Revenue from harvested acreage $454,020.00  $408,618.00  
 
Land historical price and returns through rates 
The cash in to the company from land purchases collected though rates and fees is a difficult 
but necessary calculation. The first challenge is to get all land procurement costs accepted into 
the rate base calculation by PURA.  Rate base is the sum of expenses PURA deems 
recoverable through customer water bills. Then, I must determine how much of that rate base is 
attributable to watershed lands. I then calculate the projected revenue the company will receive 
from surface waters because only surface water production is appreciably affected by 
watershed land use. I use the proportion of watershed land in the rate base as the proportion of 
total surface water revenues attributable to watershed land ownership.  A more thorough 
explanation follows. 
PURA uses historical costs for the cost of land acquisition, meaning they do not include 
appreciation in land values.69 The Regulatory Authority would bundle historical costs of 
watershed land into the calculation of the rate base during a test year – one year’s financials 
used to determine a fair consumer price. Only an amortized amount of historical land costs 
would be included into the calculation of costs during the test year. Amortization terms are set 
by PURA.70 PURA would then assess the weighted average of the total capital structure with 
their approved return on equity to determine the necessary operating income for the water 
                                                                                                                                                       
68
 Ibid. 
69
 Troy Dixon, “(Aquarion CT) in Discussion with Author,” February 10, 2014. 
70
 Aquarion Water Company of Connecticut, Annual Report to the Department of Public Utility Control.at 
10. 
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company to cover over and above the rate base. Private Water Companies receive cost 
recovery and profits though the customer rates. 
Lands must be considered “used and useful” for incorporation in the rate base.  PURA and the 
State of Connecticut have determined watershed lands used and useful, so watershed land cost 
recovery is probable but not explicitly guaranteed.71  
However, the amount or percentage of the rate schedule that is directly attributable to land 
historical costs is unknown and watershed land costs are bundled with all land acquisitions.  
According to statute, “when the purchase of land for utility operations requires the purchase of 
more land than needed for such purposes, the charge to the specific land account shall be 
based upon the cost of the land purchased less the fair market value of that portion of the land 
which is not to be used in utility operations. The portion of the cost measured by the fair market 
value of the land not to be used shall be included in account 354, Property Held for Future Use, 
or account 121, Nonutility Property, as appropriate.” 72 I assume the prices listed in the 2011 
Annual Report “Property held for future use” and “non-utility land” sum to an appropriate 
estimate of watershed land costs (See table 4). 73 
     Table 4 
Land costs in 201374 
Rate base cost recovery granted in 2013 $612,000,000 
total land in that rate base $11,000,000 
watershed land in the rate base (source and supply) $5,700,000 
ratio land costs to utility plant (Rate base recovery 
proportion for land) 0.009313725 
 
 
To understand what proportion of payments the company could expect to be generated from the 
rate base’s inclusion of watershed land costs, I calculate the proportion of total costs attributable 
to “source and supply” land.  I do not correct for the overall rate of return received in income 
above costs.  
 
                                               
71
 Dixon, “(Aquarion CT) in Discussion with Author.” 
72
 The Connecticut Department of Energy and Environmental Protection, Regs., Conn. State Agencies § 
16-27-1(3). Land and land rights § 16-27-1(3)D. 
73
 Aquarion Water Company of Connecticut, Annual Report to the Department of Public Utility Control. at 
400-401. 
74
 Ibid. at 400-401 and Troy Dixon, “Aquarion CT in Discussion Wiht Author,” Email, March 31, 2014. . 
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Table 5: Water Use and Revenues for 201175 
Water Use   
Total surface use (TG) 26,932,463 
Total water use (TG) 29,182,500 
Total revenue sales (TG) 23,619,980 
 
Water Revenue   
Total sales of water $145,831,094 
Total other operating revenues $1,888,102 
Total operating revenue sales of water $147,719,196 
Increase from previous year $4,743,660 
    
Average revenue water price ($/TG) $6.17 
Average surface water produced price ($/TG) $5.41 
 
To calculate the average price received from surface water produced, I divided the total sales of 
water by the total surface water use (See Table 5).  Not all waters the company produces 
receive payment.  I purposely included surface water the company produces but does not 
collect payment on because the company still incurs costs to produce such water.  (For 
comparison, I include the revenue generated from water produced and where payment is 
received.) I used the state-level surface water use trends calculated earlier in the report to 
estimate increased water surface water revenues. Since I am unaware of the future rate cases 
or how PURA will rule on them, as a simplifying assumption, I assumed the average surface 
water revenues of $5.41 per thousand gallons in real terms. (See Table 6).   
 
Taxes 
I do not include tax calculations, thus downward bias my NPV calculation for the water 
company.    I anticipate nothing but losses to the integrated company arising from separately 
accounting for watershed land. Assuming the integrated company has positive taxable income; 
those losses would generate a transfer between the company and local, state and federal levels 
                                               
75
 Aquarion Water Company of Connecticut, Annual Report to the Department of Public Utility Control. at 
413 and 425. 
time 2010 2011 2012 2013 2014
Expected annual surface water use (MG) 26,932.46 26,932.46 26,932.46 27,201.79 27,473.81
Expected price for surface water (price/MG) $532.81 $541.47 $550.13 $558.94 $567.88
Total expected revenue from surface waters $14,349,779.65 $14,583,109.40 $14,816,439.15 $15,204,037.20 $15,601,774.81
Rate Proportion Returned for Watershed Lands $2,570.78 $2,612.58 $2,654.38 $2,723.82 $2,795.07
Table 6: Projected Surface water revenues
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at the level of the tax rate time the loss. The magnitudes of the distributional outlays are affected 
but not the overall calculation of a positive or negative NPV. 
Recreation 
 
Watershed property is open to the community for hunting and fishing. Connecticut requires 
hunting and fishing permits and benefits form additional permits sold because of the water 
company’s land.  The ease of access influences recreater use of lands.  Because of the 
widespread and large footprint of watershed lands, I estimate about half of the recreaters who 
partake in the benefits of the land would not do so if these specific parcels of land were 
available for recreation activities. Unfortunately, the water company does not track the number 
of visitors on their lands, so I assume a low number of visitors as to not skew later benefit 
calculations (See Table 7) 
Table: 7 Recreation Parameters   
recreaters 30 
recreation fees 0 
company fishing season permit cost 25 
fishers on property 20 
company hunting fees 0 
hunters on property 30 
Connecticut Hunting License $19.00  
Additional CT hunters b/c of property 20% 
Connecticut fishing license (residential inland) $28.00  
Percent Additional CT fishers b/c of company 
property fishing 50% 
 
 
Economic Parameters 
Opportunity cost of land/land liquidation  
For an economic evaluation of watershed lands owned by a private water company, the model 
must calculate the potential gain from the best possible alternative land use (opportunity cost).  
Economically, watershed land could be held for its current benefits to water companies or it 
could be sold for financial gain.  The opportunity cost of land is the market value of the land in 
Connecticut,76 thus it is shadow priced at the income foregone by not selling it.  
                                               
76
 Glenn P Jenkins, Arnold C Harberger, and Chun-Yan Kuo, “The Financial Appraisal of Projects,” in 
Cost-Benefit Analysis for Investmetn Decisions, 2011 manus, 2011, 1–872. at 8. 
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I choose to represent the opportunity cost of watershed lands as the appreciated value of the 
land at the end of the project though liquidation value rather than in the cash flow profile as 
annual rental charges.  I think reflecting opportunity cost at the end of the project better reflects 
how land is used in the actual economic environment: rents are difficult to calculate for open-
space lands.77  Following the method in Jenkins et al., the liquidation value of the land adds 
water company improvements to the real value of the land from the beginning of the project.78  
I calculate land liquidation value using two prices and the percentage of developable land.  The 
sale price of land is complicated by the Department of Public Health’s classification system of 
watershed lands and the limitations of sale that accompany the classification system.79  Class I 
and Class II watershed lands have development easements, thus lowering their market rate.  
Hence the total opportunity cost of land sale is dependent upon the proportion of land with and 
without an easement and the prices such land commands on the market. The proportion of land 
owned by the water company that can command the premium price per acre is dependent upon 
which lands have conservation easements and which are sellable at market rate. The state of 
Connecticut’s focus on maintaining watershed lands in their natural state has limited the sale of 
some watershed lands to developers.80  The current water company inferred most of its lands 
are Class I and II lands, so the model assumes only 10% of the land held by the company can 
demand the higher price.81  
Class I and II land price/acre estimation 
Wang and Libby report the average conservation easement prices from states receiving funds 
from the UDSA’s Farmland Protection Program through 2001.  Connecticut has an average 
easement price per acre of $2,961.  Wang and Libby estimate willingness to pay per acre of 
non-developed land between across 19 states with a total of 66,553 acres enrolled at $2,000-
$4,000/acre.82  I inflate Wang and Libby’s estimation and arrive at $3,894 for 2013’s estimate of 
                                               
77
 Ibid. at 8. 
78
 Ibid. at 8. 
79
 “Guidance Letter from CT DPH Regulatory Services. Ellen Blaschinski to John Betkoski III. April 3,” 
2012.Connecticut Department of Public Health, Title 25:Water Resources, Flood & Errosion Control. 
Establishment of Criteria and Performance Standards for Classification of Water Company Lands, and 
Department of Health Services Review of Disposition and Use of Such Lands, n.d., 
http://www.sots.ct.gov/sots/cwp/view.asp?a=4431&q=523392. §25-37c-1 - 35-37c-2 
80
 Herlihy, “(Aquarion CT) in Discussion with the Author,” January 30, 2014. 
81
 Ibid. 
82
 Yuan-fang Wang and Lawrence W Libby, “Purchase of Agricultural Conservation Easements and Other 
Farmland Rights : Evidence on Price and Willingness to Supply” (Department of Agricultural, 
Environmental, and Development Economics, The Ohio State University, n.d.), 
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average price per acre in Connecticut. I use this value as the price per acre the water company 
could gain on Class I and II lands.  
Class III land price/acre estimation 
Since the water company owns land across the state, the location and parcel size in important 
to determining a fair market value price per acre.  Initially, I intended to utilize Connecticut tax 
assessment data to determine a state average price per acre of the water company’s Class III 
lands by calculating an average price per acre of developable land.  However, tax assessment 
data is not searchable by property owner, is divided by county and then by subsections within 
each county, and many tax assessments watershed lands parcels are valued at $0 (potentially 
indicating land values at use rather than fair market value, which is not applicable to an 
economic valuation).    
Therefore, I used sale prices to estimate the value of forested lands by averaging the first 20 
tracts of land for sale between 101-200 acres in size on LandWatch.com.83 This estimates the 
price per acre at $20,555/acre in 2013.  
The rate at which land values increase over time is location and use dependent. Data for home 
price appreciation are mixed.  In the last 5 years, Connecticut home prices have depreciated by 
16%, in the last 10 years they appreciated by 19% and by 67% over the last 20 years. In the last 
quarter, positive appreciation rates are just budding at 0.24%.84 The “housing bubble” has 
altered the property value trends and made it difficult to forecast future property values, 
especially those without built infrastructure. Since development trends from individual locations 
are not available and land ownership is spread across all of Connecticut, and recent historic 
trends have been volatile, I use a simplifying assumption that land values increase at the rate of 
inflation. 
Assuming 10% of the 1,500 watershed lands are developable and commands the premium 
Class III price; in 2025 the liquation value of land is $86,010,192, adjusted for inflation.  
 
                                                                                                                                                       
http://aede.osu.edu/sites/aede/files/publication_files/purchase_of_agricultural_conservation_easements.p
df. at 6. 
83
 Land Watch, “Connecticut Land for Sale: 101-200 Acres,” 2014, 
http://www.landwatch.com/Connecticut_land_for_sale/200_Acres?. 
84
 Forecast-Chart.com, “Connecticut Realestate Forecast,” 2014, http://www.forecast-chart.com/real-
estate-connecticut.html. 
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Discount Rate 
To estimate the current value of dollars spent in the future, I use two separate discount rates to 
estimate present values for the water company and the community. NPV Calculations using 
discount rates should set the rate to a close approximation of the opportunity cost of investment.  
The discount rate should be bounded by the real rate of return of private capital and by the 
consumption rate of interest.85 In addition, the discount rate should reflect the risk of 
investments and not only be set at the interest rate paid to finance the investments – especially 
since traditionally these interest rates are low for water utilities.86 If a water company can 
recover investment costs though rates, the investment is considerably less risky and a lower 
discount rate can be applied (often the weighted average cost of capital). 87 However, with 
watershed land holdings, it is not clear that costs beyond purchase price are recoverable 
through utility customers. PURA recently set the water company’s weighted return on capital at 
a nominal rate of 7.5% or return, or about 5.9% real.88 Therefore, the model will set this rate as 
the discount rate. 
The opportunity cost of investment in watershed land holdings is equivalent to market returns. 
Similar duration and riskiness returns are found in 10-year municipal bonds, which return 
2.65%, or about 1.05% real.89 I will use this interest rate as my social discount rate and analyze 
its effect on NPV though sensitivity analysis. 90 A low discount rate increases the value of 
benefits accrued in the future.91 The assumption that policies to protect watershed lands are 
initiated for future benefits supports the choice of discount rate. 
Environmental Parameters 
Water Treatment Benefits 
The model needs an estimate of water treatment cost benefits from land ownership. For this 
estimate, the model only captures benefits from reduced sediment filtration and chemical 
                                               
85
 Robert C. Lind et al., Discounting for Time and Risk in Energy Policy (Earthscan, 2011). at 15. 
86
 Wirick and Goldberg, Evaluating Water Utility Financial Capacity with Ratio Analysis and Discounted 
Cash Flows. at 38.  
87
 Ibid. at 33. 
88
 Public Utilities Regulatory Authority The Connecticut Department of Energy and Environmental 
Protection, “PURA Renders Decision on Aquarion Water Rate Request,” 2013, 
http://www.ct.gov/deep/cwp/view.asp?Q=532348&A=4380. 
89
 Bloomberg, “US Government Bonds,” 2014, http://www.bloomberg.com/markets/rates-
bonds/government-bonds/us/. 
90
 Net Present Value Calculations are the discounted yearly cash flows.  They are calculated using the 
formula 
         
(               )    
 
91
 Wirick and Goldberg, Evaluating Water Utility Financial Capacity with Ratio Analysis and Discounted 
Cash Flows.at 35. 
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treatment of raw surface waters benefiting from forested areas.  For this, I use Ernst et al.’s 
research to calculate a treatment benefit (in dollars) observed from a watershed moving form 
10% forest cover to 30% forest cover.92  The treatment savings is $51.79/MG. The water 
company maintains forests on watershed lands they own and they own significant acreage 
across the many watersheds the water company services. The exact percentage of watershed 
forested is unknown, but the model employs a conservative figure for benefits and sensitivity 
analysis of reduced treatment costs will investigate this metric further. (See Table 8) 
The current water company treated 15,631.381 MG in 2011 from surface waters93. While 
treatment costs may fall from increased efficiency gains in technology, chemical costs may fall 
or increase due to changing regulatory standards and chemical costs.  For these reasons, the 
year-to-year and long term trends of sediment and contaminant removal costs are unknown but 
held constant for the duration of the model to calculate a conservative cost of treatment cost 
gains.  
Since the selected water company is very large and provides service across the state, when 
access to company-specific data is not available, state-level data and trends are appropriate for 
this water company. To calculate the trend in annual MG treated form surface waters, state-
level USGS data elucidated the fresh, surface water use trend from 1985 to 2005.94 Averaging 
the trend from 1985-2005 yields a about a 1.54% increase per year, however this yearly trend 
does not reflect the actual data (See Figure 3). A correction of 1% annual increase in surface 
water use better reflects the observed fresh surface water use data and was used to predict the 
water use trend for the remainder of the cash flow analysis.  
Water use trends are determined mainly by two different trends: state growth (population, 
industrial, energy production, and commercial growth) and water use by sector.  Water use by 
sector is a result of price elasticity. No current data were available on Connecticut water price 
elasticities and the water company’s plans for future price alterations. Population projections 
can roughly estimate state growth. Connecticut population grew 4.9% between 2000 and 2010, 
but is expected to only grow about 1.5% between 2015 through 2020 and 2020 through 2025.95  
                                               
92
 Ernst, Gullick, and Nixon, “Protecting the Source Conserving Forests to Protect Water.” 
93
 Aquarion Water Company of Connecticut, Annual Report to the Department of Public Utility Control. at 
419. 
94
USGS, “USGS Water Use Data for Connecticut: 1985-2005,” National Water Information System: Web 
Interface, accessed March 15, 2014, http://waterdata.usgs.gov/ct/nwis/wu.  
95
 Connecticut State Data Center at the University of Connecticut Libraries Map and Geographic 
Information Center - MAGIC. (2012), “2015-2025 Population Projections for Connecticut at State, County, 
Regional Planning Organization, and Town Levels,” 2012, http://ctsdc.uconn.edu/projections.html. 
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The modest increase in population growth predicted until 2025 supports the 1% annual increase 
in surface water use trend (See Figure 4 and Table 8). 
Figure 3 
 
            Figure 4 
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Open space amenity values and WTP for open space 
Because of limited time and resources, a valuation of the actual benefits of Connecticut amenity 
value from forested land is not possible. Amenity values are calculated as the increase (if 
decrease, the term disamenity applies) in the price of a tangible, market good caused by the 
presence of a particular trait.97  For example, in their hedonic model, Acharya and Lynne, find a 
willingness to pay of $75 dollars for a percentage increase in open space near moderately 
priced homes in New Haven Connecticut.98  Ideally, Acharya and Lynne’s findings would be 
incorporated into the current analysis through a benefit transfer in order to estimate the current 
amenity value of private water company land.  However, land cover data for the entire 
watershed and the number of houses that are affected by nearby open space are not available.  
With these data, the amenity value in Acharya and Lynne’s paper is suitable for a unit transfer. 
There are two forms of benefits transfer: unit transfer and function transfer. Unit transfer uses a 
value calculated from another, similar site (study site) to the current site (policy site), whereas 
function transfer uses a model calculated in another study or through a meta-analysis to 
calculate an estimate assessed using particular characteristics of the policy site.99 Unit transfer 
is the simplest approach but rests on the assumption that the marginal value of the 
environmental good to an average resident of the study site is the same as the marginal value 
to an individual at the policy site.100 Here, this assumption is met because the study site uses a 
very similar, if not exact location for its valuation.  Thus, community benefits are downwards 
biased. 
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time 2010 2011 2012 2013
Expected annual surface water production (MG) 15,475.07 15,631.38 15,787.69 15,945.57
treatment cost reduction from 10% to 30% 
watershed forest cover per MG $51.79 $51.79 $51.79 $51.79
TREATMENT BENEFIT TOTAL $801,453.73 $809,549.22 $817,644.71 $825,821.16
Table 8: Projected Water Treatment Benefits annually from forested watershed lands
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The undeveloped, open space land provides benefits to the community that can be monetized. 
One way to monetize such benefits stems from asking community members their willingness to 
pay to preserve forested lands. In their 2004 paper, Klein at al. suggest voting on bond and tax 
referenda provide direct assessments of public open space preservation support. They report 
the value of open space voter approved bond and tax measures between 2001 and 2003 at 
$11.89 per acre and the average per acre cost for conservation easements purchased on 
forestland under the Forest Legacy Program (1992-2001) at $1,108.101 At its core, this 
information may represent the public’s wiliness to pay for forested open space land and is an 
appropriate estimate because it is directly from Connecticut residents. I use $1,108 adjusted to 
2013 dollars as the WTP for open space value.  Because this value is an average value across 
multiple years in nominal terms and because it represents a price paid by the government not 
explicitly directed to increase with inflation, I hold this value steady across all years of the cash 
flow analysis. 
I downward bias my estimation of community NPV because it is likely that WTP (and amenity 
value) is income elastic and would increase with per capita income though time.   
Contamination risk prevention 
Watershed land ownership affords a water company security through the control of allowable 
actions and use around source waters.  Ownership benefits the water company by reducing 
contamination risk of current source waters and reduces the risk of needing to purchase back-
up supply.  
Contamination risk is important in the calculation of the benefit from source water protection 
from watershed lands. I multiply contamination risk by the cost to purchase a back-up supply of 
water for an estimation of the benefit of land ownership for contamination risk reduction.   
The cost of backup supply is shadow priced at the current cost per million gallons the water 
company purchases for resale from other vendors.  For simplicity, I assume only 10% of the 
annual supply of surface water affected if contamination occurs.   
When using the model, contamination risk should be assessed though current and future plans 
for areas surrounding source surface waters.  The current risk assessment utilized the 
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Connecticut Department of Public Health’s (DPH) Source Water Assessment Reports from 
1999-2010 for the water utility’s surface waters to estimate an average source water 
vulnerability to contamination.102 This should be a conservative estimate since water company 
ownership is already limiting surface water risks by the time the risk profile was created. Over 
seven reservoirs, DPH ranked four as low levels of potential risk factors and three as moderate 
(See Table 9). Therefore the model assumes a low annual contamination risk at 5% as a gross 
estimate of annual risk. While the duration of source water contamination is contaminant 
dependent, the model is not structured for this level of detail. 
Table 9. Vulnerability to Contaminants 
Waterbody DPH Rank 
Mystic Low 
Stamford Low 
Rockwood-Putnam Moderate 
Easton Moderate 
Hemlock Low 
Trap Falls Moderate 
Wangum Low 
 
At 5% annual risk of surface water contamination, only 10% of surface water considered 
contaminated if contamination occurs, and price of $2,598/MG in 2013 dollars for water 
replacement, the estimated risk reduction benefit from land in 2013 is $203,020.12.  
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